Background: Postoperative throat complications, such as sore throat and hoarseness, are frequent complications of tracheal intubation. To assess whether severity of throat complications is related to the experience of physicians performing tracheal intubation, we compared the incidence and duration of postoperative sore throat and hoarseness and patient satisfaction between tracheal intubation performed by trainees and experienced consultant anaesthetists. Methods: This is a retrospective review of an institutional registry containing records of 21 606 patients undergoing general anaesthesia and was conducted with ethics board approval. All tracheal intubations by trainees were performed under the supervision of consultant anaesthetists. To avoid channel bias, the propensity score analysis was used to generate a set of matched cases (intubations by trainees) and controls (intubations by anaesthetists), yielding 3465 (sore throat) and 3267 (hoarseness) matched patient pairs. The incidence and sustained rate of symptoms were compared as primary outcomes. We also compared patient satisfaction with perioperative care. Results: After propensity score matching, there was no difference between tracheal intubation by trainees and tracheal intubation by consultant anaesthetists in the incidences of sore throat (32.9 vs 32.6%, P=0.84) or hoarseness (35.8 vs 35.2%, P=0.60). Odds ratios and 95% confidence intervals for tracheal intubation by trainees were 1.01 (0.91−1.12) for sore throat and 1.03 (0.93−1.14) for hoarseness. The rates of sustained sore throat and hoarseness over the course were low (P=0.85 and P=0.67, respectively). Hazard ratios and 95% confidence intervals for tracheal intubation by trainees were 0.99 (0.94−1.05) for sustained sore throat and 0.99 (0.93−1.05) for sustained hoarseness. Patient satisfaction did not differ between matched groups (P=0.66 and P=0.83). Conclusions: Tracheal intubation by trainees under the supervision of consultant anaesthetists did not worsen the postoperative airway outcomes, such as sore throat and hoarseness.
Editor's key points
• It is not clear whether or not physicians' expertise in tracheal intubation affects the incidence of postoperative throat complications, such as sore throat and hoarseness.
• In a retrospective study, in which propensity score matching was made to minimize selection bias on outcomes, there was no difference in the incidences of postoperative throat complications between trainees and anaesthetists.
• Regardless of the expertise of the intubator, postoperative throat complications frequently occur after tracheal intubation.
Postoperative throat complications, such as sore throat and hoarseness, are frequent complications of general anaesthesia with tracheal intubation, with reported incidences of sore throat between 11 and 48% and those of hoarseness between 18 and 53%. [1] [2] [3] [4] [5] [6] The aetiology of throat complications is believed to involve mucosal erosion caused by the cuff of a tracheal tube, 7 trauma from tracheal intubation, and mucosal dehydration. 8 Modern anaesthesia practices and improved airway devices have reduced these complications. It is not clear whether or not physicians' experience affects the incidence of postoperative throat complications A prospectively observational study of 809 adult surgical patients reported that the professional assignment and length of professional experience had no influence on the occurrence or intensity of throat complaints. 9 In addition, another study including 266 surgical patients found that the experience of the anaesthetist did not significantly alter the incidence of sore throat. 10 On the contrary, a prospective observational study including 495 patients reported that the experience of anaesthesia personnel was independently associated with the incidence of sore throat and hoarseness in male patients.
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It is necessary to conduct a definitive study to resolve these contradictory results. To determine whether throat complications after tracheal intubation are related to the physician's experience, we retrospectively investigated the incidence and duration of postoperative sore throat and hoarseness. We examined whether tracheal intubation by trainees in anaesthesia altered the incidence or duration of postoperative sore throat and hoarseness.
Methods
Approval for review of patient clinical charts, access to data of the institutional registry of anaesthesia, and reporting the results was obtained from the Nara Medical University Institutional Review Board (no. 942, approved on October 21, 2014).
Perioperative patient treatment
No standardization was made for the methods of induction and maintenance of anaesthesia. General anaesthesia was usually induced with i.v. propofol (1-2.5 mg kg −1 ) plus either fentanyl Tracheal tubes with low-pressure-high-volume cuffs of 8.0 mm internal diameter were mainly used for males and tubes and cuffs of 7.0 mm internal diameter for females. Immediately after tracheal intubation, the cuff of the tracheal tube was inflated with the minimal amount of air to prevent an audible leak at the airway pressure of 20 cm H 2 O. If air leak around the cuff could not be prevented with 10 ml of air, the tube was replaced by a tube one size larger. Intracuff pressure was not monitored. Heat and moisture exchangers (DAR™ Adult-Pediatric Electrostatic Filter HME Small; Covidien Japan) were used for all patients. Lidocaine i.v. or lidocaine gel on the tracheal tube was not used. Tracheal intubations were performed by trainees under the guidance of the registered (consultant) anaesthetist or by the consultant anaesthetist. A trainee was defined as a medical school graduate, who had a medical qualification, in a 2yr mandatory clinical training programme currently on rotation in the anaesthesia department (for a couple of months) or a trainee anaesthetist in a 2yr training programme after the mandatory training. In Japan, anaesthetists can apply for registered anaesthetist status to the Ministry of Health, Labour, and Welfare after 2yr of training as a member of the Japanese Society of Anaesthesiologists. All these trainees have completed a simulation-based training course in airway management and passed the practical examination about airway management.
Anaesthesia was maintained with sevoflurane (1.5-2%) in a 40% oxygen and air mixture or with propofol (6-10 mg kg After completion of anaesthesia, the attendant in charge filled out the form for the institutional registry of anaesthesia, which includes the attendant's name, the name of the person who performed tracheal intubation, the patient's characteristics, information on final diagnosis and surgical procedures (later categorized into three classes based on the modified surgical risk stratification), 12 background illnesses (hypertension, diabetes mellitus, coronary artery disease, history of heart failure, and lung disease), duration of anaesthesia and surgery, ASA physical status, urgency of surgery (emergency or elective), anaesthesia technique (inhalation or i.v. with or without regional analgesia), intraoperative patient positioning, final airway assessment, requirement for transfusion, implementation of postoperative analgesia, requirement for postoperative intensive care, and adverse intraoperative events (cardiac events, hypotension, arrhythmia, hypoxia, etc.).
The attendant in charge of the patient also followed up the patient and recorded any throat symptoms during several postoperative days. At our institute, surgical patients managed by the anaesthesia department undergo a postoperative structured interview with consultant anaesthestists at the postoperative anaesthesia consultation clinic, where the occurrence of perioperative adverse events is assessed, and the patients can critique perioperative management using a self-report form. Until the 10th postoperative day, patients completed a questionnaire including items on incidence and duration of postoperative sore throat and hoarseness and were requested to rate our perioperative care using a simplified patient satisfaction scale (very satisfactory, satisfactory, even, or dissatisfactory). The incidence and duration of postoperative sore throat were determined by referring to both the patient's report and the postanaesthetic round record.
Data handling
Data were collected between January 2009 and December 2013, during which there were 21 606 patients who underwent general anaesthesia. The exclusion criteria for the present study (and reasons for consequent reductions in eligible patients) were as follows: (i) patients missing answers on the postoperative questionnaire (n=6391); (ii) use of supraglottic devices (n=468); (iii) tracheostomy or postsurgical tracheal intubation (n=597); (iv) patient <15 yr old (n=1312); (v) procedures at the evaluation sites including larynx, pharynx, and anterior cervical lesions (n=717); and (vi) patients missing data sets (n=1251 for sore throat and n=1861 for hoarseness). The final numbers for assessment of sore throat and hoarseness were 10 870 and 10 260 patients, respectively (Fig. 1 ).
Statistical analysis
Continuous variables are presented as the mean and  if normally distributed or the median and interquartile range (IQR) if non-parametric. Categorical variables are presented as the number of patients and frequency ( percentage).
There is a growing interest in the use of propensity scorebased methods in observational studies to estimate treatment effects. The propensity score is defined as the conditional probability of assigning a subject to a particular treatment protocol given a vector of measured covariates. 13 14 To minimize the effect of selection bias on outcomes, we used propensity score matching for clinical characteristics to reduce distortion by confounding factors. Using propensity score analysis, we generated a set of matched cases (tracheal intubations by trainees) and controls (tracheal intubations by consultant anaesthetists). As a result of the propensity score matching, 3940 and 3726 patients were excluded from postoperative sore throat analysis and hoarseness analysis, respectively. A propensity score was generated for each patient from a multivariable logistic regression model based on the covariates using data from the institutional registry as independent variables, with treatment type (tracheal intubation by trainees vs tracheal intubation by consultant anaesthetists) as a binary dependent variable. Factors reported to influence the incidence of postoperative throat symptoms include adequate anaesthesia or relaxation of the patient, tracheal intubation technique, (softer) suction catheters, tracheal tube diameter, cuff tracheal contact area, monitoring and adjustment of intracuff pressure, local anaesthetic or steroid lubricants, preoperative physical condition, sex, age, gynaecological surgery, duration of anaesthesia, and intraoperative patient position. [1] [2] [3] [4] [5] [6] Tracheal intubation techniques, devices, and conditions were based on institutional protocols and were not monitored. However, other factors may have varied and were included as potential confounders. As suggested by a review of statistical research on propensity score development, we used a structured iterative approach to refine this model, with the goal of achieving covariate balance between the matched pairs. 14 Covariate balance was measured using the standardized difference, where an absolute difference of ≥0.1 was accepted as a meaningful covariate imbalance. 15 We matched patients using a greedy-matching algorithm with a calliper width of 0.001 of the estimated propensity score. A matching ratio of 1:1 was used. This procedure yielded 3465 patients with sore throat and 3267 patients with hoarseness whose tracheas were intubated by trainees propensity matched to 3465 and 3267 patients whose tracheas were intubated by consultant anaesthetists. For statistical inference, methods that account for the matched nature of the samples were used. For overall incident rate, the Cochran-Mantel-Haenszel test, stratified on the matched pair, was used to estimate the odds ratio and 95% confidence interval (CI) of incidence (tracheal intubation by trainees vs tracheal intubation by consultant anaesthetists). Throat symptoms that had lasted for more than a day were defined as sustained symptoms. Plots of the estimated proportion of patients with sustained sore throat or hoarseness over time were constructed by the Kaplan-Meier method separately for the two groups. Patients with sustained throat symptoms when visiting the postoperative anaesthesia clinic were treated as censored cases. The stratified (by matched pair) log-rank test was used to assess the statistical significance of treatment effects, and the stratified (by matched pair) Cox proportional hazard model was used to estimate the hazard ratio and 95% CI for tracheal intubation by trainees vs tracheal intubation by consultant anaesthetists. In addition, the Wilcoxon signed-rank test was used for the matched pair comparison of the simplified patient satisfaction scale. 
All anaesthesia patients

Patients <15 yr old n=1312
Post-tracheostomy or intubation, or tracheostomy n=597
Use of supraglottic devices n=468
Patients missing answers for a postoperative questionnaire n=6391 
Sample size calculation
For the purpose of sample size calculation, we assumed a 40% incidence of postoperative sore throat or hoarseness based on previous reports (11-53%). [1] [2] [3] [4] [5] We estimated that 2474 patients in each group were required to provide 95% power to detect a 5% difference in the incidence of sore throat or hoarseness (with an overall incidence of 40%) between tracheal intubation by trainees and tracheal intubation by consultant anaesthetists, with a type I error probability of 0.05. Thus, our sample size was sufficient to detect a difference in outcome. Analyses were computed using R (version 3.0.3; R Foundation for Statistical Computing, Vienna, Austria). A value of P<0.05 was considered statistically significant.
Results
The results, based on 10 870 patients with sore throat and 10 260 with hoarseness, are presented in Supplementary materials. The median (IQR) number of years of experience was 1.8 (1−2.7) for trainees and 13 (9−18) for consultant anaesthetists. The clinical characteristics of the two matched groups ( patients whose tracheas were intubated by trainees and patients whose tracheas were intubated by consultant anaesthetists) extracted by propensity analysis are presented in Tables 1 and 2 . According to the standardized difference, covariate balance between the matched pairs was confirmed. Patient outcomes are summarized in Table 3 and Figs 2 and 3. The incidence of sore throat did not differ between tracheal intubation by trainees and tracheal intubation by consultant anaesthetists after propensity matching (32.9 vs 32.6%, respectively). Likewise, there was no difference in the incidence of hoarseness (35.8 vs 35.2%, respectively). In addition, tracheal intubation by trainees did not increase the rates of sustained sore throat and hoarseness, and Kaplan-Meier curves for sustained rate of sore throat were similar. The number of censored cases was 41 (0.6%) for sore throat and 356 (5.4%) for hoarseness. The rates of sustained sore throat and hoarseness on the 10th postoperative day were very low (0.5 vs 0.7 and 3.9 vs 3.3%, respectively). Hazard ratios for tracheal intubation by trainees for sore throat and hoarseness were both almost one. Finally, it was also confirmed that patient satisfaction with perioperative care was not affected by who performed intubation.
Discussion
The incidence and duration of postoperative sore throat and hoarseness did not differ between patients who underwent general anaesthesia whose tracheas were intubated by trainees and those whose tracheas were intubated by consultant anaesthetists. Additionally, patient satisfaction did not differ between those whose tracheas were intubated by trainees and those whose tracheas were intubated by consultant anaesthetists. This study suggests that patients receive equal medical care regarding airway management in teaching hospitals because trainees are appropriately trained before participating in airway management, including manikin training, and are closely supervised by a consultant anaesthetist throughout the tracheal intubation process.
The incidence of airway complications is thought to depend on the experience of the attending physician. It has been reported that the incidence of multiple tracheal intubation attempts, which increases the risk of complications, depends on the years of training and type of residency, and that airway complications decrease significantly when supervised by experienced consultant anaesthetists in a critical care setting. 16 17 Therefore, postoperative throat complications are generally believed to be more frequent in patients whose tracheas are intubated by less experienced physicians because of lack of careful technique. 1 It is still a matter of debate whether the experience of the anaesthetist can alter the postoperative incidence of throat complications. [9] [10] [11] It has been suggested that training on a manikin during the early phase of employment may improve the technique and thereby reduce the risk of such airway complications. 11 It is therefore reasonable to suppose that completion of our simulation-based training programme before commencement of clinical activity and tracheal intubation by trainees under supervision by consultant anaesthetists favourably affected throat outcomes. Patients who are dissatisfied are known to experience more adverse events attributable to medical practice. 18 19 It is therefore reasonable to suppose that postoperative sore throat and hoarseness could significantly impact the overall patient experience of anaesthesia management, during which patients are almost unconscious, if patients consider these minor adverse events as partial outcomes of anaesthesia management. Thus, it may be logical that tracheal intubation by trainees did not reduce patient satisfaction in the present study. This study has a number of limitations. Some data known to influence postoperative outcomes, such as the number of attempts at tracheal intubation, measurement of intracuff pressure, tracheal tube diameter, presence of upper respiratory infection, and multiple attempts at suctioning, were not available. We did not distinguish between the various aetiologies of sore throat. We also did not set a precise follow-up period, so patients who still complained of throat symptoms were censored when they visited the postoperative anaesthesia consultation clinic. This study relied on patient self-reports to determine the duration of symptoms, which were based on memory, and may have influenced the results. This study was retrospective in nature; thus, unmeasured variables could still confound the results. Finally, a considerable number of patients were excluded from the study.
In conclusion, trainee tracheal intubation under the supervision of consultant anaesthetists did not worsen postoperative throat symptoms compared with tracheal intubation by consultant anaesthetists. Patient satisfaction with perioperative care also did not differ, regardless of who performed tracheal intubation. 
95% Cl
Funding
Departmental resources.
